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57] ABSTRACT

An anaerobic process of desulfurizing a sour natural gas
stream wherein a selected consortium of chemoautotrophic
bacteria converts H,S and other sulfur species into elemental
sulfur, which 1s recovered as a product. The process 1is
conducted at pressures of up to 1000 ps1 and temperatures up
to 140° F. (10° C. to 60° C.), and mitigates up to 10,000 ppm
H,S to pipeline standards of =4 ppm and up to 10% CO, to
=2% CQ,.
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H,S REMOVAL RATE OF 0.146 Ib/ftoh

TIME TO REACH UPSET CONDITIONS (hr)

/A
TS
WL PE Rt i 5o W
oW sy thﬂ--ﬁi
ot #ﬂ""ﬂ'“ -"'ll-‘_t

a1
P20 N

L
DRSS SRR R g 4
4 g !

- L ]

: *

hd g
* ’ A "
+ L

+

i, o3
seiTy ’

.;':'. A 2 &
il ;' t 2 s
R - * p e &
. .'. ='i:. d*‘_ "r: % i‘."‘

: l: [ '. : i
- ':*1 :‘.: :"" : Iy
3 kY o T P
. : i; * ; t .
st g 38 ...'f "'f.p' ,1'#1-; *
* I.,l L Fe [ ]
F s bocin 'J‘l A la.

0.50 0.75 1.00
% BIOMASS (wet w/v)

F1G.9

SEMI-CONTINUOUS EXPERIMENT, 1000 PSI, INPUT HoS CONCENTRATION 200 PPM

-)
-

.y n
- -

0.35% BIOMASS

/ |

5.0% BIOMASS

(A
-

N
-

HoS CONCENTRATION (PPM)

—h
-

-

200 300
TIME (min)

F16G.6



5,981,266

Sheet 6 of 9

Nov. 9, 1999

U.S. Patent

(wdd) NOILYYINIONOD SCH LITLN0

V

NN

| — —

T4 0
1OVHIX3 ISYIA ——

0018 d314d S,NNVAJJOH —m—

zh_.lm_zo._l._m__._m —@—
(FYILSNN) FHNNVYA NINIIHD —e—

M

¢ | -
Disd /41 1V HOLOVAY 014018 1-Z IHL NI NIDOYLIN JINVOY¥O 40 S3IDMNOS INF¥ILHA 40 193443

00¢

00¥

009

008

0001

00¢|

00¥ !

(AINO NNV NINJIHD @3ZIMI¥3LSNN)

0091

0081

000¢

NOLLVHINIONOD SCH 13110

P e

(wdd



Sheet 7 of 9

Nov. 9, 1999

U.S. Patent

5,981,266

2 AL N E RN E

T hnh’iTHihilllilIIniiimnriianey  aoog a3¥a s,Nv440H

S A WL T INOLEIRS

OO JUNNYA NINOIHD

SYNOH # 1V TVAOWIY SCH %

F1G.8



U.S. Patent Nov. 9, 1999 Sheet 8 of 9 5,981,266

REMOVAL OF HpS FROM A GAS COMPOSITION OF 10,000 ppm H»S, 10% CO9
IN N7 IN A PARR PRESSURE REACTOR IN BATCH MODE AT 1000 psi
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BIOCONVERSION OF HoS TO ELEMENTAL SULFUR IN PARR PRESSURE REACTOR AT
DIFFERENT TEMPERATURES BY AMCC CONSORTIUM SSI1
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MICROBIAL PROCESS FOR THE
MITIGATION OF SULFUR COMPOUNDS
FROM NATURAL GAS

BACKGROUND OF THE INVENTION

The present 1nvention relates to a process for removing
H.S and other sulfur species under anaerobic conditions
from sour gases. In particular, the present invention relates
to the microbiological treatment of sour natural gas to
remove H,S and other sulfur species, such as carbon
disulfide, methyl mercaptan, ethyl mercaptan and dimethyl
sulfide, from the natural gas stream, and recover elemental
sulfur as a product of the process.

Natural gas reserves 1n the U.S. often contain hydrogen
sulfide (H,S) as a major contaminant. Hydrogen sulfide is an
acid gas that 1s toxic and corrosive in the presence of water.
A significant portion of total gas production does not meet
pipeline standards and needs treatment to reduce the H,S
concentration to ¥ grain per 100 standard cubic feet, or =4
ppm on a volume basis.

A commonly used commercial process for the removal of
H,S from the gas stream 1s the amine process, followed by
the Claus process for sulfur recovery. In the amine process,
the gas stream 1s contacted with the amine solvent to remove
H,S, then the amine solvent is heated to 90-150° C.
(194-302° F.) to liberate H,S and regenerate the solvent,
which 1s recycled. Although the H,S 1s removed from the
natural gas stream, 1t still must be disposed of. Hydrogen
sulfide generated during regeneration of the amine solvent
can cither be incinerated, which converts the hydrogen
sulfide disposal problem into an air pollution problem due to
the production of SO.,, or treated by physicochemical meth-
ods such as the Claus process. In the Claus process, H,S 1s
fed into a reaction furnace, and the reaction gas 1s passed
through a series of catalytic reactors to convert the H,S into
clemental sulfur. Although the Claus process produces a
high quality elemental sulfur product, the process i1s often
too expensive for small capacity plants (of less than 2 MM

SCFd).

Several microbiological methods have been investigated
for the treatment of gas streams containing sulfides. In one
process, the anaerobic photosynthetic bacterium Chloro-
bium thiosulfatophilum 1s used to convert sulfides to sulfate.
Cork, D. J. and Ma, S. “Acid-Gas Bioconversion Favors

Sulfur Production™, Biotech. and Bioeng. Symp. No. 12,
285-290 (1982).

In another process, which is the basis for a process known
as Bio-SR, the Fe** formed during H.S oxidation in accor-
dance with Equation (1), is converted to Fe*> by the bacte-
rium Thiobacillus ferroxidans 1n accordance with Equation

(2).

H,S+Fe, (SO,);—FeSO,+H,S0,+S (Equation 1)

2 FeSO,+H,50,+%20,—=Fe¢, (SO,);+H,0 (Equation 2)

A number of bacteria (called chemoautotrophic) use
reduced sulfur compounds as a source of energy, CO, or
bicarbonate as a source of carbon, and NH,™ as a source of
reduced nitrogen. Thiobacillus denitrificans 1s one such
organism. One process for the desulfurization of gas using
Thiobacillus denitrificans 1s disclosed 1n Sublette, U.S. Pat.
No. 4,760,027. That patent describes a process wherein
bacteria of the Thiobacillus genus convert sulfides to sul-
fates under aecrobic conditions and at a controlled tempera-

ture of about 30° C.
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Most of the studies on H,S removal have been performed
under aerobic conditions and at H,S concentrations of
<1000 ppm. Such methods, however, cannot be used for the
direct removal of H,S from sour natural gas because of the
potential danger of explosion when methane and air are
mixed.

The process of the present mvention overcomes these
limitations and problems of prior art H,S removal processes
because the process 1s carried out under anaerobic condi-
tions. The process 1s known to be effective for treatment of
inlet H,S concentrations of up to 10,000 ppm (1%), at a
pressure of 1,000 ps1 and at temperatures common to those
required by the gas industry (e.g. 140° E, 60° C.). In
addition, the process of the present invention reduces CO,
levels of from 5% to 10% down to 2%.

In earlier research, ARCTECH developed a microbial
consortium, SSII, from ARCTECH’S Microbial Culture
collection (AMCC) to reduce the H,S concentrations of up
to 10,000 ppm to pipeline specifications of =4 ppm. The
biological and physiological characteristics of this consor-
fium and technical feasibility of the consortium to mitigate
1% H,S to =4 ppm are the subject of a separate patent
application. The information from laboratory scale bioreac-
tor experiments using SSII served as the basis for further
research, which 1s the subject of the present invention. The
preliminary data from the laboratory scale bioreactor experi-
ments was presented at the 1992 GRI Liquid Redox Sulfur
Recovery Conference, Austin, Tex. on Oct. 4-6, 1992, by K.
C. Srivastava, and entitled “Biological Removal of H,S
From Sour Natural Gas”, which paper 1s hereby incorpo-
rated by reference in its entirety. The results from this
preliminary work provided the experimental proof of the
concept of biological H,S removal under anaerobic condi-
fions on bench scale. Nevertheless, additional scaled-up
processing Information was necessary for delineating the
process parameters.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
of desulfurizing sour natural gas by microbiological tech-
niques under anaerobic conditions, and recovering elemental
sulfur as a product.

Another object of the present invention 1s to mitigate H,S,
other sulfur species, namely methyl mercaptan, ethyl
mercaptan, dimethyl sulfide, and carbon disulfide, as well as
carbon dioxide, 1n sour natural gas.

A Turther object of the present invention 1s to provide a
low cost, economical and efficient process for the removal of
H.S from natural gas so that the gas meets pipeline standards
of =4 ppm H,S.

These and other objects are accomplished by a process 1n
which a consortium of chemoautotrophic bacteria converts
H,S and other sulfur species into elemental sultur, which 1s
recovered as a product. More particularly, the invention
involves the use of the consortium under anaerobic condi-
tions and at pressures of up to about 1000 ps1 and tempera-
tures in the range of 50° F. to 140° F. (10° C. to 60° C.) to
oxidize sulfur species such as H,S to elemental sulfur. In one
embodiment of the invention, the process 1s carried out 1n a
Pressure Reactor at pressures of about 1000 psi. The process
of the i1nvention 1s particularly suited for the removal of
sulfide species from natural gas, although 1t may also be
used to mitigate H,S 1n geothermal vent gas, enhanced oil
recovery vent gas, olf-gas streams 1n the chemical industry,
landfill gas, and biogas. Other reaction conditions contem-
plated here are described below.
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The present invention may be better understood by ret-
erence to the accompanying drawings in conjunction with
the following description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flow diagram 1illustrating the process of the
invention in a reactor at atmospheric pressure.

FIG. 2 1s a graph illustrating H,S removal rates in the
reactor of FIG. 1.

FIG. 3 1s a flow diagram of the pressure reactor used in a
preferred embodiment of the invention.

FIGS. 4 and 5 are graphs 1illustrating the etfect of cell
density on H,S removal rates.

FIG. 6 1s a graph 1llustrating the effect of biomass amount
on the amount of time required to oxidize H,S.

FIGS. 7 and 8 are graphs illustrating the effect of different
nitrogen sources in the reactor of FIG. 1.

FIG. 9 1s a graph illustrating the effect of different
nitrogen sources 1n the reactor of FIG. 3.

FIG. 10 1s a graph illustrating H.S conversion in the
pressure reactor system of FIG. 3.

FIG. 11 1s a graph illustrating the effect of temperature on

the rate of removal of CO, in the pressure reactor system of
FIG. 3.

The microbiological consortium (hereinafter referred to
as SSII) used in connection with the process of the present
invention has been deposited 1in the American Type Culture
Collection ATCC# (to be provided). This deposit was made
by ARCTECH, Inc., on Oct. 6, 1998 with the ATCC Patent
Depository and was acknowledged under the title, “Consor-
tium SSII Sewage Sludge & Acid Mine Water Culture.” Ms.
Barbara M. Hailey of the ATCC informed Applicants that the
ATCC Number for the deposit 1s ATCC 202177. The con-
sortium comprises at least four morphologically distinct
microbes.

The present invention may be carried out under any
suitable conditions, the details of which can readily be
ascertained by one skilled 1n this field 1n view of the present
disclosure. Several non-limiting examples of suitable con-
ditions follow.

Any suitable reactor can be used. Two examples are the
reactors of FIGS. 1 and 3 as further described below.

The pressure of the sour gas stream can vary widely,
without departing from the present invention. Atmospheric
pressure and elevated pressures are specifically
contemplated, though a sub-atmospheric pressure could also
be used within the scope of the present invention. An
elevated pressure from about 75 psi (52 N/cm®) to a pressure
of or exceeding about 1000 psi (700 N/cm?) is specifically
contemplated herein.

The reactor vessel may be maintained at any suitable
temperature, for example, a temperature range of from about

50° F. to about 140° F. (10° C. to about 60° C.).

H.S can be present in the sour gas stream at any suitable
concentration, for example, from a nominal concentration to
about 10,000 ppm. Optionally, the concentration of H,S can
be more than about 200 ppm, optionally more than about
5,000 ppm. The concentration can also vary within the scope
of the mvention.

The reactor vessel can contain from about 0.35% to about
10% biomass, or alternately at least about 5% biomass. Any
suitable concentration of the biomass can be used, within the
scope of the present invention.

The reactor vessel 1s desirably charged with an organic
source of nitrogen. This may be done prior to pressurization
or at other times, within the scope of the present invention.
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The sour gas or other imput gas stream which can be
processed according to the present invention can contain
hydrogen sulfide or other sulfur compounds. For example,
any one or more of the following compounds may be
present, and can be removed from the input gas stream by
carrying out the present invention: H,S, CH,SH, C,H.SH,
(CH,),S, CS,, or mixtures of any two or more of the
foregoing species.

The 1mput stream can also contain carbon dioxide, which
the consortium according to the present invention can
remove from the feed gas when the present mvention is
carried out under suitable conditions. For example, the input
gas stream can contain from a nominal amount, alternatively
at least about 5% by volume, to a larger amount, for example
about 10% or more by volume, carbon dioxide. The con-
sortium according to the present mvention can, under suit-
able conditions, reduce the carbon dioxide content of the
feed stream substantially, such as from a higher amount to
less than about 2% by volume.

EXAMPLES

The following are several working examples 1llustrating,
how the present invention can be carried out. The scope of
the i1nvention 1s not limited in any way by the speciiic
apparatus, conditions, and other details set out in the
examples.

The SSII (ATCC—) used in connection with the present
invention was cultivated 1n serum vials of 125 muilliliter
capacity under anaerobic conditions according to Srivastava,
1992. The serum vial contained 50 mualliliters of the culture
medium described 1n Table 1. The headspace of the vials was
exchanged with an oxygen (O,)-free mixture (80.20) of
nitrogen (N,), and carbon dioxide (CO,). Vials were stop-
pered with butyl rubber stoppers and aluminum crimp
sealed. The vials were then steam sterilized at 120° C. and
15 psi. Subsequently, the cooled vials were 1mnoculated with
20% (w/o) of a previously cultivated culture of SSII. After
24 hours of cultivation at 68° F. (20° C.), the culture was
inoculated 1n Wheaton bottles of 1 liter capacity containing
500 milliliters of culture medium (Table 1) and the bottles
were prepared as described for the serum vials. The consor-
fium was transferred into a maintenance medium having the
composition set forth 1n Table 1. The SSII consortium and its
medium were then used 1n the following experiments which
illustrate the process of the present invention.

TABLE 1

Composition Of The Medium Component

Quantity (g/1.)

Medium Component

Disodium phosphate (Na,HPO,) 1.20
Potassium phosphate (KH,PO,) 1.80
Magnesium sulfate (MgSO, 7 H,0) 0.40
Ammonium chloride (NH,CI) 0.50
Calcium chloride (CaCl,) 0.03
Manganese sulfate (MnSO,7H,0) 0.40
Ferric chloride (FeCl;) 0.02
Sodium bicarbonate (NaHCO;) 1.00
Potassium nitrate (KNO;) 5.00
Sodium thiosulfate (Na,S,0;) 10.00
Trace metal solution 15 mL
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TABLE 1-continued

Composition Of The Medium Component

Quantity (g/L)

Trace Metal Solution Component

EDTA 5.0

Zinc sulfate (ZnSO,) 2.2

Calcium chloride (CaCl,) 0.554
Manganese chloride (McCl,) 0.506
Ferrous sulfate (FeSO,7H,0) 0.110
Ammonium molybdate (NH,Mo0O,) 0.157
Cuprous sulfate (CuSO,) 0.157
Cobalt Chloride (CoCl,) 0.161
Water 100 mL

The experimental set-up for the following Experiments
1—4 1s 1llustrated 1n FIG. 1. For each of these experiments,
a liquid sample containing the SSII 1n 1ts culture medium 1s
loaded 1nto a reactor 10, such as a BioFlo Reactor obtained
from New Brunswick Scientific Co. The reactor 10 1s then
scaled with a stainless steel flange top 11. A simulated gas
to be desulfurized 1s routed via line 12 into the reactor
through a sparger 14 at the bottom of the reactor. A flow-
meter 16, such as a Brooks flowmeter, 1s used to measure the
flow rate of the simulated gas being passed into the reactor.
The treated gas from the reactor 1s passed via line 18 through
a secaled erlenmeyer flask 20 filled with water, with outlet
connections to a fumehood (not shown). Bubbles in the flask
downstream from the reactor indicate that the connections
are leak proof. The reactor 1s also equipped with an agitator
22 1n order to maintain the consortium in suspension. The
gas concentrations of the synthetic gas entering and exiting
the reactor 10 are determined from samples obtained via an
inlet septum 24 and an outlet septum 26, respectively.

Experiment 1

One liter of the SSII 1 the culture medium described 1n
Table 1 was transferred to a 2 liter capacity BioFlo reactor
jar. Five milliliters of 10% Sheftone-T™, an organic nitro-
ogen source obtained from Shetfields Products of Detroit,
Mich., and 5 milliliters of 5% sodium thiosulfate were
aseptically added to the reactor jar. The reactor vessel was
then sealed with a stainless steel flange top. (See 11 of FIG.
1). The contents of the reactor were then stirred for 30
minufes.

A simulated sour natural gas (SNG) stream consisting of
5,000 ppm H.S, 10.1% CO,, 11.6% N, and 77.29% CH,
was sparged at a rate of 1.2 liters per hour. The pH of the
culture medium (Table 1) and the optical density
(absorbance at 460 nm OD,.,) of the liquid containing the
SSII consortium were 7.5 and 0.63, respectively, at the start
of the experiment. This optical density corresponded to a
cell population of 10° cells/mL. The inlet and outlet gas
concentrations were measured as a function of time and are
recorded 1n Table 2 below:

TABLE 2
Inlet H,S Outlet H,S
Time, (Hours) Concentration (ppm) Concentration (ppm)
0 5905 0.65
1.0 5905 1.020
2.0 5454 3.16
3.0 5931 2.50
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TABLE 2-continued

[nlet H,S Outlet H,S
Time, (Hours) Concentration (ppm) Concentration (ppm)
4.0 5551 2.26
5.5 4620 1.014
6.0 5495 2.14
7.0 5781 2.91

The flow of the gas was stopped and the pH and OD,, ., of
the SSII suspension 1n the broth were 7.30 and 1.03,
respectively. The SSII suspension was filtered with What-

man No. 1 filter paper to separate the larger suspended
particles from the bacterial cells (SSII). Product analysis of
the solid material indicated that the major product recovered
was elemental sulfur. Then the liquid (filtrate) was centri-
fuged at 5,000 rpmxg to recover the cells of SSII from the
liquad.

Experiment 2

A volume of 1.3 liters of the SSII 1n the culture medium
of Table 1 was transferred to a 2 liter capacity BioFlo
Reactor vessel. Similar to Experiment 1, a five milliliter
suspension of 10% Sheftone-T™, and 5 milliliters of a 5%
solution of sodium thiosulfate were added. The contents of
the reactor vessel were agitated for one-half hour. A simu-

lated sour natural gas stream containing 987 ppm of carbo-
nyl sulfide (COS), 5029 ppm of H,S, 996 ppm of methyl

mercaptan (CH;SH), 999 pm of ethyl mercaptan (C;HSH),
1001 ppm of dimethyl sulfide ((CH,),S), 999 ppm of carbon
disulfide (CS,), 5% carbon dioxide (CO,), 5% nitrogen (N,)
and the balance methane (CH,) was sparged into the reactor
at a rate of 1.2 L/h. The imitial OD ., and the pH of the SSII
suspension were 1.57 and 8.12, respectively. The {final
OD,., and pH at the end of the experiment were 3.3 and
6.74, respectively. Removal rates 1n terms of percentage
removed were determined as a function of time and are
recorded 1n Table 3 below:

TABLE 3
Time, H,S % CH,;SH % C,HsSH % (CH;),S % CS, %
(Hours) Removed Removed  Removed Removed  Removed
0 84.48 94.48 53.59 28.39 38.85
1 95.40 95.40 97.75 83.68 66.20
2 95.18 99.14 98.13 84.47 56.23
3 94.51 99.19 98.40 79.91 46.08

The results of this experiment demonstrate that the SSII
can remove not only H,S from sour natural gas, but other
sulfur species as well.

Experiment 3

Experiment 1 was repeated except that the gas flow rate
used 1n the process was varied. The specific oxidation rates
in terms of sulfur removed as lbs/ft*/hr were determined as
a function of the gas flow rate and are shown in FIG. 2.

The results of this experiment demonstrate that the oxi-

dation rate increases as the gas flow rate increases up to a
limit of 2.7 L/h. Gas flow rates greater than 2.7 L/h resulted

in a rapid decline of the speciiic oxidation rate. This 1s not
a limitation of the SSII but of the reactor capacity. In order
to test this hypothesis, experiment 4 was conducted.

Experiment 4

A volume of 12 liters of the SSII consortium 1n the culture
medium of Table 1 was transferred to a 14 liter capacity
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reactor. A 100 milliliter volume of 8% SheftoneT™ and 30
milliliters of 20% Sodium and Potassium phosphates were

added to the reactor. The contents of the reactor were stirred
constantly. A simulated natural gas stream containing H,S
was sparged 1nto the reactor at 8.64 L/h. The gas composi-
tion was 5% carbon dioxide, 5% nitrogen, 1% hydrogen
sulfide, and the balance methane. The imitial pH and OD .,
were 7.4 and 2.70, respectively. The inlet and outlet gas
concentrations were measured as a function of time and are
recorded 1n Table 4 below:

TABLE 4

[nlet H,S
Concentration (ppm)

Outlet H,S

Time, (Hours) Concentration (ppm)

0 32077
3217
3060
3286
3281
3290
3288

-] Oy L B ) =
— O O O O O O

Thus, the experiment showed that the hypothesis 1s correct.

The experimental set-up for the following Experiments
5—-8 and 10-12 1s illustrated in FIG. 3.

For these experiments, a liquid sample containing the
SSII consortium 1n 1ts culture medium 1s loaded into a
pressure reactor 30, such as a Parr pressure reactor. The
pressure reactor 1s made of stainless steel and 1s housed in
a metallic shell 32. The reactor can be pressurized up to 2000
psl. An agitator 34 1s provided 1nside the reactor to maintain
the SSII consortium 1n suspension. A simulated sour natural
gas to be desulfurized 1s introduced 1nto the reactor via inlet
line 36. Periodic gas samples from the head space of the
reactor are withdrawn through a septum 38 so that progress
of the desulfurization process can be monitored.

Experiment 5

Six hundred milliliters of SSII 1n the culture medium of
Table 1 are charged 1nto the pressure reactor atter adding 10
milliliters each of 5% Sheftone-T™ and 5% sodium thio-
sultate. The mitial pH and OD,, of the culture broth are
8.16 and 1.66, respectively. The reactor 1s pressurized to
1000 ps1 with a sour gas stream containing 5000 ppm H,S.
The agitator 1s started, and the gas concentration 1n the head
space 1S monitored at particular mtervals of time by with-
drawing gas samples through the septum. The readings are
noted as a function of time and are recorded in Table 5
below:

TABLE 5

Time (Hours) H,S Concentration (ppm)

0 1744

1 1680

3 1609

5 1566
20 1146
23 921
25 442
26.5 191
26.75 0.25

When the H.S 1s mitigated, the pressure 1s released and
the pH and optical density of the liquid sample are mea-
sured. The liquid sample has a pH of 6.40 and an optical
density of 3.26. The results of this experiment demonstrate
that the SSII consortium can remove H,S to meet regulatory
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pipeline standards even at a pressure of 1000 psi 1n a
semi-continuous mode.

Experiment 6

The process of Experiment 5 was repeated, except that
different pressures, ranging from 75 psi to 1000 psi1, were
selected for the reactor, taking 1nto consideration the com-
pressibility factor. The rates of removal of H,S by the SSII
consortium obtained at the different pressures are tabulated
below 1n Table 6.

TABLE 6
Rates Of Removal Of H,S At Different Pressures
Pressure, psi H,S removal rate, mmols/h

75 0.191

100 0.126

200 0.112

500 0.109

700 0.205

800 0.210
1000 0.325

The data demonstrate that at a higher pressure of 7500 psi,
there 1s a direct relationship between pressure and the faster
removal rate of H,S, 1.e. the higher the pressure, the higher
1s the removal of H,S.

Experiment 7

The process of Experiment 5 was repeated except that 1n
this experiment, the cell mass (wet weight of cells/600 ml of
the culture medium) was varied 1n the range of 0.35% to
10%. In each of these runs, the initial pH of the culture
medium was 7.5, and the pressure was 1,000 ps1. The rates
of H.S removal under these conditions are graphically
presented 1 FIGS. 4 and 5. This data indicates that the
higher the cell density, the higher the removal rate of H,S.

Experiment 8

The process of Experiment 7 was repeated, except that 1n
this experiment, the cell masses of 0.35% and 5% were
compared at an 1nitial H,S concentration of 200 ppm 1n a
semi-continuous mode, and the gas inlet flow 10 times
higher than the previously determined ratio of 1:1.6 between
the reactor working volume verses the gas flow rate per hour,
which for a 600 milliliter culture volume will be 0.96 liters
per hour. Thus, the inlet flow rate of sour natural gas 1n this
experiment was 9.6L/h. The data on outlet H,S concentra-
tion 1s presented mm FIG. 6. This data indicates that the
contact time is reduced by two orders of magnitude (300 to
3 mins.) at 10 times the flow rate.

Experiment 9

The process of Experiment 1 was repeated, using the
reactor 1llustrated in FIG. 1, except that alternative sources
of organic nitrogen were substituted for the Sheftone-T™
suspension. The alternative sources of nitrogen used were
Hoffman’s dried blood (a commercially available source of

™

organic nitrogen), Cargill 200/20 (an organic source of
nitrogen available from Cargill Corp.), and different lots of
chicken manure collected at different times from a local
poultry farm. Each alternative nitrogen source was added in
an amount to give the same organic nitrogen equivalent as
provided by adding 5 milliliters of 10% Sheftone-T™ sus-

pension. In each of these runs, the initial pH of the culture
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medium was 7.5 and the cell concentration was 10% (wet
weight of cells/1000 ml of culture broth). The initial H,S
concentration was 10,000 ppm. The rates of removal of H,S
under these conditions, or conversely the remaining H,S in
the outlet gas are graphically illustrated i FIGS. 7 and 8.
The data indicates that the highest and most consistent H,S
removal was obtained when Cargill 200/20 was the source
of organic nitrogen. This 1s also the most economical organic
nitrogen source with a consistent nitrogen content.

In addition to the alternative organic nitrogen sources
utilized 1n this example, other organic nitrogen sources, such
as solubilized sewage sludge, and deactivated animal and/or
poultry manure, could also be utilized.

Experiment 10

The process of Experiment 9 was repeated except that the
process was carried out in the pressure reactor system of
FIG. 3 and the organic sources of nitrogen were Cargill
200/20 and a combination of Sheftone-T™ and chicken
manure. Each alternative nitrogen source was added 1n an
amount to give the same organic nitrogen equivalent as
provided by adding 5 milliliters of 10% Sheftone-T™ sus-
pension. In each of the runs, the initial pH of the culture
medium was 7.5 and the cell concentration was 10% (wet
weight of cells/600 ml of culture broth). The initial H,S
concentration was 10,000 ppm. The rates of removal of H,S
under these conditions are illustrated in FIG. 9. The data
indicates that, although each of the organic nitrogen sources
are effective 1n the desulfurization process, the highest rate
of H,S removal was again obtained when Cargill 200/20 was
the source of organic nitrogen.

Experiment 11

The process of Experiment 5 was repeated, except that the
process was conducted at different temperatures ranging,
from 50° F. (10° C.) to 140° F. (60° C.) and the initial H,S
concentration 1n the gas was 10,000 ppm. The rates of
removal of H,S by the SSII consortium obtained at the
different temperatures, while maintaining a pressure of 1000
psl, are graphically illustrated 1in FIG. 10. As FIG. 10 shows,
higher rates of removal of H,S are achieved at both elevated
temperatures and pressures.
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Experiment 12

The process of Experiment 11 was repeated, except that
removal of CO, was monitored rather than removal of H,S.
The 1nlet sour natural gas contained 10.1% CO.,. Sixty gram
wet weight SSII (10%) was suspended in 600 milliliters of
medium, described in Table 1, containing 0.2% (weight/
volume of medium) Cargill 200/20. The data is presented in
FIG. 11. This data shows that the removal rates of CO,
remains about the same up to a temperature of 104° F., but
increases thereafter and at 140° F. is 0.616 1b/ft> per hour.

We claim:
1. A process for the anaerobic removal of sulfur contain-
ing compounds from a gas stream comprising the steps of:

charging a reactor vessel with a microbial consortium of
chemoautotrophic bacteria;

maintaining the reactor vessel at a temperature range of
between about 77 degrees F. and about 140 degrees F.;

pressurizing said reactor with a malodorous gas stream
containing the sulfur containing compounds to a pres-
sure of between about 75 psi to about 1000 psi wherein
sulfide 1n the gas stream 1s oxidized to elemental sulfur
by the microbial consortium.

2. A process according to claim 1, wherein the reactor
vessel 1s maintained at a temperature range of between about
100° F. and about 140° F.

3. A process according to claim 1, wherein the concen-
tration of hydrogen sulfide in the gas stream containing the
sulfur containing compounds 1s up to about 10,000 ppm.

4. A process according to claim 1, wherein the microbial
consortium of chemoautotrophic bacteria charged into the
reactor vessel has a wet cell mass of from about 0.35% to
about 10.0% biomass.

5. The process according to claim 1, wherein an organic
source of nitrogen 1s charged into the reactor prior or
pressurization.

6. The process according to claim 1, wheremn the gas
stream 1ncludes at least one sulfide from the group consist-
ing of hydrogen sulfide, methyl mercaptan, ethyl mercaptan,
dimethyl mercaptan, carbon disulfide, and mixtures thereof.
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